The negative pressure in the extradural space is the result of the interaction of hydrostatic forces created between the vertebral canal (a stiff-walled cylinder) and the dura mater, with its content of cerebro-spinal fluid (CSF), which behaves as a cylinder that can collapse according to the position of the subject. In order to corroborate thi« hypothesis, we have designed a model formed by a sealed, water-filled, glass cylinder ("vertebral canal"). In the interior there is a collapsible, non-distendible, water-filled cyclinder ("dural sac"), in free communicarion with a reservoir which represents the CSF contained in the cranial cavity. Changes in the position of the model produce subatmospheric pressure in the space between both cylinders ("extradural space"), as happens in man.
The existence of a subatmospheric pressure in the extradural space was first described by Jansen (1926) . Most theories that try to explain this phenomenon, consider one of the following mechanisms: (a) Negative pressure is an artefact produced by the displacement of the dura mater by the extradural needle (Jansen, 1926; Giordanengo, 1934; Eaton, 1939; Bromage, 1953) . (b) Negative pressure results from a disproportion between the growth of the vertebral canal and that of the spinal cord and its sheaths, or by the changes in volume of the vertebral canal during flexion of the spine (Reid and Sherrrington, 1890; Heldt and Moloney, 1928; Dogliotti, 1933) . (c) Negative pressure is produced by changes in volume of the extradural venous plexus (Bonniot, 1934) . (d) Negative pressure is negative from intrathoracic pressure transmitted through the intervertebral foramina (Macintosh and Mushin, 1947; Bryce Smith, 1950; Macintosh, 1950) .
None of the aforementioned hypotheses gives a satisfactory explanation of the extradural negative pressure in all clinical or experimental situations.
The vertebral canal may be considered as a hollow tube with stiff walls, the pressure relationship of which with the extravertebral space and other levels of the extradural space is limited by the presence of PEDRO ANDRADE, M.D., Department of Anaesthesiology, Hospital Universitario de Caracas, Apartado 62.387, Caracas 1060-A, Venezuela. 0007-0912/83/010085-04 $01.00 different anatomical structures, as has been demonstrated by Usubiaga, Moya and Usubiaga (1967) . They demonstrated that the administration of 10 ml of an anaesthetic solution at any one level of the extradural space, did not produce modifications in the negative pressure of the other portions of the space.
The dural sac is enclosed within this stiff chamber, being strongly fixed to the occipital foramen, and behaving as a non-elastic cylinder, which can collapse easily (Shanta and Evans, 1972; Peters, Palay and Webster, 1976; Bromage, 1978) . Therefore, the extradural space is limited to the vertebral canal, while the subarachnoid space is in free communication with the intracranial cavity, the content of which has a small degree of compliance. These structural characteristics determine a series of hydrostatic phenomena, which I have analysed.
DESCRIPTION AND PREPARATION OF THE MODEL
The experimental model ( fig. 1 ), consisted of a sealed, water-filled cylinder, "vertebral canal" (VC), and a collapsible non-elastic, water-filled polyethylene cylinder, "dural sac" (DS), contained in the interior of the glass cylinder. Its lower end was connected to a Hewlett-Packard 1280 strain-gauge transducer (SAT), which measured the "subarachnoid pressure".
A second pressure transducer (ET) was connected to the space between the polyethylene tube and the glass cylinder, "extradural space", and measured the pressure in this space. At its upper end, the "dural sac" was connected to a reservoir (CC) that represented the CSF content of the cranial cavity.
To prepare the empty model for determinations, the system was positioned in the horizontal plane ( fig. 2 (HP) ), and both cylinders were filled with water, until a positive pressure of 7 mm Hg built up in the "dural sac", which was approximately the pressure of the subarachnoid space.
This pressure was registered by the lower transducer (SAT). Then the model was righted to a vertical position ( fig. 2 (VP) ). Because of the redistribution of fluid within the "dural sac", the latter was now completely filled, thus a positive pressure was created in the space between both cylinders. Then, an amount of water from this space was removed via the connector of the extradural transducer (ET), until the "extradural pressure" reached a value of zero. The model was then ready. 
FIG. 2. Preparing the experiment.
Step one: The model described in figure 1 was placed in a horizontal position (HP). After filling the "dural sac", "subarachnoid" pressure was registered in tracing C (right hand). The registered pressure corresponded to 7 mm Hg.
Step two: The model was placed in the vertical position (VP). "Subarachnoid" pressure had increased to 35 mm Hg because of the weight of the fluid column that it contained, and was registered in tracing B. The pressure that corresponded to the "extradural" space was registered in tracing A. Some of the water of this space was removed, via the connector with "extradural" transducer (ET), until the pressure reached an approximate value of 0 mm Hg. 
RESULTS
As we changed the position of the model from the vertical to the horizontal plane ( fig. 3 from (VP) to (HP)), we observed that the positive pressure within the "dural sac" registered by the lower transducer (SAT), as shown in tracing B, began to decrease, and the pressure of the "extradural space", registered by the upper transducer (ET), as demonstrated in tracing A, became negative and increased in negativity as the tilting of the model increased. Because of the negative pressure in the "extradural space", there was no passage of water to the reservoir from the dural sac.
DISCUSSION
In upright man, the CSF will exert a positive hydrostatic pressure on the walls of the dural sac, which will, in turn, have only a limited influence on the pressure of the extradural space because of its non-elastic nature. If the subject gradually adopts a supine position, there will be a progressive decrease of the hydrostatic pressure of the CSF, as the height of the liquid column is reduced (Shah, 1981) . As a consequence, the previously taut parts of the dural sac are liable to collapse, while the vertebral canal, being a stiff cylinder sealed by anatomic structures, cannot follow the eventual changes of the dural sac. The redistribution of CSF in the subarachnoid space creates a negative pressure between the dura mater and the vertebral canal during the recumbent position. This negative pressure compensates any displacement of CSF to the cranial cavity. In summary, any decrease in hydrostatic pressure of the CSF in the vertebral subarachnoid space will modify the shape of the dural sac because of CSF redistribution, and this will be reflected as negative pressure changes in the extradural space, because of the stiffness of the vertebral renal. Thus, the greater the departure from the vertical position of the patient, the greater the negative values of that pressure (Bonniot, 1934; Shah, 1981) .
